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The work developed circuit engineering, design and software of the loading machine for automated
examination of dental hard tissue defects after endodontics intervention for fatigue and destruction. The advantage
of this development is the combination as cyclic loading methods simulating chewing movements and force effects
on compression in a compact small-sized case, with low power consumption and small noise level. Thanks to the
use of a screw transmission and a stepper motor in combination with a sensitive tensoresistive force sensor, it was
possible to achieve high accuracy and resolution of 0.1 microns.

A series of tests was conducted on real samples of endodontically treated teeth restored using fiberglass pins
and cast metal stump inserts. It is shown that methods of restoring incisors and premolars of the upper jaw with the
help of fiberglass pins have an advantage when the residual structure of the tooth is lacking due to a more uniform
distribution of deformation stresses, since their elastic modulus is close to the elastic modulus of dentin.
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Introduction

Currently, the rapid development of electronics and
information technology is causing the emergence of new
tools and creates additional opportunities for clinical and
laboratory research. In particular, in recent years, there has
been an active discussion on the effectiveness of the use
of intracanal pins in endodontic treatment in dentistry. The
literature [1-3] shows that the pins do not strengthen the
tooth, moreover, the preparation procedures remove
additional healthy tooth structures, thus weakening the
tooth and increasing the risk of root fractures [4,5]. In
other clinical and laboratory studies, the positive influence
of the introduction of fiberglass pins was noted, which
helped to improve the distribution of stresses, since their
elastic modulus is close to the elastic modulus of dentin
[6,7]. Currently, the concept of minimal invasiveness of
adhesive restorations is being followed, as studies have
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shown that the amount of axial dentin surrounded by a
crown is more important than the length of the pin [8], so
short pins have been evaluated as an effective alternative
to traditional pins [9-10]. But there are not enough studies
on this problem, in particular, only a few studies
conducted cyclic fatigue tests [11,12], and the conclusions
were mainly based solely on static compression tests
[13,14]. In the above works, during the research,
automated means for cyclic studies and separately load-
bursting test machines were used, which are dimensional
and little adapted for such tasks. Cyclic fatigue tests are
quite long and time-consuming, so the development of
hardware and software for the automated study of defects
in hard tissues of teeth after endodontic intervention for
fatigue and destruction is relevant. The authors have
considerable experience in developing automated
laboratory tools for physical research [15-18]. The
purpose of the work is to develop hardware and software
to ensure complete automated cycling of laboratory


mailto:bohdan.dzundza@pnu.edu.ua

Hardware and software for automated examination of defects of hard tissues of teeth after endodontic intervention ...

studies of teeth both for fatigue from cyclic loads and for
destruction under a single load.

I. Software and hardware development

Software and hardware design is divided into a
number of stages, each of which solves specific
development tasks. In particular, at the first stage, the
design of mechanics and kinematics was carried out,
which makes it possible to both conduct cyclic fatigue
tests and single force loads on destruction. In order to
achieve high positioning accuracy, a screw pair is selected
for linear movement. The pitch of the lead screw is 2 mm.
The lead screw is fixedly connected to the platform
moving up and down along two linear cylindrical guides
on sliding bearings. If you loosen the bearings so that they
can move in a given direction, then simultaneously with
the vertical movement it will be possible to move in the
horizontal plane, which will occur under the influence of
the rotational forces of the screw, which makes it possible
to more accurately simulate chewing movements. Also,
horizontal movement can be defined by a linear guide
profile. The running nut with the gear pulley is fixed from
vertical movements to the housing by means of two radial-
stop bearings, and is driven in rotary motion by means of
a step motor and a gear train with a reduction factor of 1:5.
The object table is fixedly fixed to the update through the
strain gauge load sensor CZL-601 a force of up to 1000 N.

The limit of 1000 N is sufficient both for cyclic loads
on fatigue where forces usually do not exceed 100 N and
power loads on destruction and made it possible to
develop a universal desktop small-sized laboratory setup,
the dimensions of which do not exceed (W x D x H) -
140x180x300 mm with a mass of - 8 Kkg. Strain
measurement limits are 0... 200 mm.

The stepper motor provides the required load force
accuracy and fluff speed of 0.5 mm/min to 300 mm/min.
The stepper motor driver supports step crushing and
allows you to choose from 200 steps per turn to 6400 steps
per turn, and current from 0.7 to 4 A.

The body of the installation is cut from steel by laser
cutting, which ensured the accuracy of geometric
dimensions.

The second stage was the development of structural

and circuit diagram, as well as software. The structural
diagram of the unit is shown in fig. 1.

To ensure the operation of the strain gauge sensor and
digitize the signal from it, a specialized 24-bit ADC was
used, which has a software-controlled gain factor and can
produce up to 80 readings per second, which made it
possible to ensure the passport accuracy of the tensor. In
general, the measurement error does not exceed 1%. Four
character display and encoder are used for indication and
control. Communication with the computer is
implemented on the basis of a hardware UART
microcontroller. General view of the unit is shown in fig.
2.

The program for the microcontroller AtMegal68
written in the language C. The menu interface provides
manual control, as well as an automated experiment with
specified parameters, in particular the number of cycles,
the maximum force to which to load, speed, exposure time
under load and without load. Data on movement and
pressure force are transmitted to the computer for their
visual display in the form of graphs and transferred to Exel
for further processing.

Il. Methods of sample preparation and
research

Intact teeth removed according to periodontal
indications in the surgical department of the IFNMU
dentistry center were used for the study. The time from
tooth extraction to the time of the study did not exceed
four weeks.

Studies were conducted in the following groups of
teeth:

1st group - Endodontically treated teeth, the root canal
is sealed with a fiberglass pin, 1-2 mm of the crown part
height is preserved in the teeth, the tooth stump is restored
with a composite material.

2nd group - Endodontically treated teeth, the root
canal is sealed with a fiberglass pin, the teeth are destroyed
at the gum level without maintaining the height of the
crown part, the tooth stump is restored with a composite
material.

Stepper motor

Stepper
motor driver

Indication and control

The mechanical system and

the system of fixing the sample

|

| MICROCONTROLLER  fa—— COMPUTER
Tensometric sensor AtMegal 68 USB-UART
| | ATMEL
I
24 bit ADC

Fig. 1. Structural diagram of the setup for the automated examination of endodontically treated teeth for
fatigue and destruction.
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Fig. 2. General view of the setup.

3rd group - Endodontically treated teeth, 1-2 mm of
the crown part height is preserved in the teeth, the tooth
stump is restored with a cast metal stump tab.

4th group - Endodontically treated teeth, teeth
destroyed at the level of the gums without maintaining the
height of the crown part, the tooth stump is restored with
a cast metal stump tab.

Endodontic treatment and preparation of teeth was
carried out according to a standardized method. The tooth

Fig. 3. General view of test specimens at different stages of preparation.
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crown was prepared according to the parameters specified
in each study group. Restoration was carried out with glass
fiber pins (Glassix glass fibre composite posts) (Nordin),
which were fixed with glass inomer cement (RIVA Self
cure). In the crown part, the tooth was made of stump from
composite (Sagen Balance), and cast metal stump inserts
were used, which were fixed with glass-inomer cement
(RIVA Self cure) (Fig. 3).

The finished sample was placed in a block of self-
hardening plastic (Remont-03) and epoxy glue (PENOSIL
Epoxy Fix Coat 507) so that the load was transmitted at
specified angles with respect to the tooth.

I11. The results of the experiment and
their discussion

To determine how cyclic loads affected the strength
of the samples, a portion of the test samples were
subjected to cyclic fatigue loads. After that, all samples
were subjected to force loads for destruction. This made it
possible to determine the effect of cyclic fatigue on the
strength of the structure. The presence of plastic
deformations was determined by the shape of the curve in
accordance with Fig. 4. [14], and differences between the
course of the loading and unloading curve.

All samples withstood a 10-time vertical load of 500
N without visible damage and plastic deformation
(Fig. 5.), The curve is sufficiently linear, indicating the
elastic nature of the deformation.

After 1500 cycles of deformation with a vertical load
of 100 N, sample of group number 2 could not withstand
a load of 500 N, the destruction occurred sharply, which
indicates the high rigidity of the sample (Fig. 6).
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Fig. 4. Schematic representation of the deformation
diaphragm. The stress is shown in the function of
deformation: 1 is the limit of true elasticity; 2 — the limit
of proportionality; 3 — elasticity limit; 4 — yield point; 5 —
ultimate strength; 6 — destruction.

It testifies that for samples of group number 2 where
teeth are destroyed at the level of gums without
preservation of height of a crown part the expressed
linearity of deformations with sharp destruction already at
vertical loadings of about 500 N is characteristic. Teeth of
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Fig. 5. Diagram of the vertical load of the F1m sample

(first group).
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other three groups do vertical load withstand.

At loads of teeth placed at an angle of 35-40 degrees
from the vertical axis, samples recovered by cast metal
stump inserts (3,4 group), slower deformation and higher
indices of destructive force were observed compared to
samples recovered by glass fiber pins and artificial stump
from composite materials (1,2 group). In particular,
samples from the first group where the root canal is sealed
with a fiberglass pin showed significantly less strength
under side loads (Fig. 7) than similar samples from the
third group restored with a cast metal stump insert (Fig.
8). The amount of the preserved height of the crown part
of the tooth also significantly affects its strength, in
particular, a sample from the first group with a preserved
height of the crown part of the tooth 1.5 mm (F1.5)
withstood 20% more load than a similar sample with a
preserved height of the crown part of the tooth 1 mm (F1)
(Fig. 7).

Figure 9. shows the results of tooth destruction, we
see a slightly different nature of destruction. The teeth of
the root canal of which is sealed with a fiberglass pin
receive longitudinal cracks, and the teeth of the stump of
which are restored with a cast metal stump tab break in the
transverse direction.
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Fig. 6. Diagram of the vertical load of the FO sample
(second group).
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Fig. 7. Load diagram at an angle of 35 degrees relative to the vertical axis of the sample F1m and F1.5
(first group).
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Fig. 8. Load diagram at an angle of 37 degrees relative to the vertical axis of sample F2
(the third group, the saved height of the crown part of the tooth is 2 mm).

a
Fig. 9. Results of destruction: the root canal is sealed with a fiberglass pin (a) and the tooth stump is restored
with a cast metal stump insert (b).

In all groups of maximum deformation under loads,
incisors and premolars of the upper jaw were subjected,
where the molars withstood all maximum loads and did
not suffer damage, for this type of teeth additional studies
with higher force loads are required.

Samples of incisors and premolars of the upper jaw of
teeth restored using fiberglass pins showed a more
uniform deformation curve (Fig. 5), since the elastic
modulus of the pins is close to the elastic modulus of
dentin. The volume and properties of the fiberglass pin
material are recovered by an artificial composite stump
having a greater degree of strain under loads and a lesser
degree when using a cast metal stump insert. Also of some
importance is the methods of choosing the fixation of a
fiberglass pin and an artificial stump.

When comparing samples of all groups, a significant
decrease in the strength and increase in deformation of
samples with defects in hard tissues destroyed at the gum
level is noticeable, which may indicate the preservation of
the height of the crown part of the tooth (ferula effect) in
sizes of 1-2 mm gives significantly better indicators for
deformation and destruction.
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Conclusions

The design, circuitry and software of the setup for
automated study of defects in hard tissues of teeth after
endodontic intervention for fatigue and destruction have
been developed. The advantages of this development are a
combination of both cyclic loading methods that emulate
chewing movements and force effects on compression in
a compact small-sized case, with low power consumption
and low noise level. Thanks to the use of precise
mechanics in combination with a sensitive tensoresistive
force sensor, it was possible to achieve a high resolution
of 0.1 microns and minimize the error, which does not
exceed 1%.

A series of tests was conducted on real samples of
teeth restored using fiberglass pins and cast metal stump
inserts. It is shown that samples of cutters and premolars
of the upper jaw of the stump of which are restored with a
cast metal stump insert withstand slightly greater loads
than those restored with fiberglass pins, but such a
restoration has some advantages due to a more uniform
distribution of deformation stresses, since the elastic
modulus of fiberglass pins is close to the elastic modulus
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AnapaTHO-NIPOrpamMHi 3aco0M Jisi aBTOMATH30BAHOT0 TOCTIIsKeHHsI 1e(eKTIiB
TBEPANX TKAHUH 3y0iB MiCJIA €HJT0IOHTUYHOI0 BTPYYaHHS HA BTOMY Ta
PYHHYBaHHS

Ipuxapnamcokuii nayionanvhuil yuigepcumem imeni Bacuns Cmeghanuxa, m. Ieano-@panxiecwvr, Yrpaina,
purap. Y YHigep: P D
bohdan.dzundza@pnu.edu.ua
2Jgano-Dpankiecokuii HayioHanbHULl Meouynuil yuisepcumem, m. leano-Ppanxiscvk, Ypaina

B po60oTi po3po0i1eH0 CXeMOTEXHIKY, KOHCTPYKIIIIO Ta IpOorpaMHe 3a0e31eueHHs] HaBaHTaKyBaJIbHOT MALlTMHU
JUISL aBTOMATH30BaHOTO JOCITIKEHHsI IeeKTiB TBepAUX TKaHWH 3y0iB ITiCIIsl eHAOJOHTUYHTO BTPYYaHHs HA BTOMY
Ta pyliHyBaHHs. [IepeBaroio JaHOT pO3poOKH € MOEHAHHS K IMKJIIYHUX METO/IiB HABAHTAXKEHHS 1110 CUMYJIIOIOTh
KYBaJIbHI PYXH TaK i CWJIOBHX BIUIMBIB Ha CTHCK B KOMIIAKTHOMY MajlorabapuTHOMY KOPITYCi, 3 HEBEJIHKHM
SHEProCHOXMBAHHIM Ta MAJIMM PiBHEM IIyMy. 3aB/IsSIKH 3aCTOCYBaHHIO IBUHTOBO] Iepeadi Ta KPOKOBOTrO ABUT'YHA
y HO€EAHAHHI 3 YYTJIMBUM TEH30PE3HCTUBHUM JlaBaueM CHIIM BAAJIOCS JAOCSATHYTH BHCOKOI TOYHOCTI Ta PO3LIBHOI
3mparHocTi B 0,1 MKM.

IpoBeneno cepiro BUIPOOYBaHb Ha pPeANbHUX 3pa3Kax €HIOAOHTHYHO oOpoOiieHHX 3yOiB BiIHOBIICHHX 3a
JIOTIOMOT'0I0  CKJIOBOJIOKOHHHX IITU(TIB 1 JMTHX METAIEeBHX KYKCOBHX BKIamok. IlokasaHo, mo cmocodn
Bi/IHOBJICHHSI Pi3LiB Ta MPEMOJIIPIB BEPXHBOT LIENENH 32 JOIMOMOT 00 CKJIOBOJIOKOHHUX IITU(TIB MAIOTh IepeBary
P HEAOCTaYi 3aJIMIIKOBOI CTPYKTYpH 3y0a 3aBASKH OLIBLI PIBHOMIPHOMY PO3MOALTY AehOpMaLiiHUX HANpyT,
OCKUIBKH iXHIM MOYJIb IPYXKHOCTI ONMU3BKUH MOJYJIIO IIPY>KHOCTI ICHTHHY.

KurouoBi cjioBa: HaBaHTa)KyBajbHA MallWHa, aBTOMaTH3aLlis, pecTaBpallis 3yda, CKJIOBOJIOKOHHUH WTHQT,
JIMTa MeTaJjieBa KyKCOBa BKIIAJIKa.
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